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A critical issue for understanding language processing in the brain is whether 
linguistic rule application is subserved by a distinct neural substrate. Previous 
evidence based on electroencephalographic measurements is indirect because studies 
focus on neural changes after rule violation, which may reflect processes caused by 
the violation such as error handling. Here we show that correct rule-governed 
formations are associated with left frontal negative-going activity, providing direct 
evidence for rule application in the brain.  
One of the unique human capacities is the ability to produce and understand an 
infinite number of linguistic forms such as sentences or complex words1. Following 
Noam Chomsky2, many scholars have captured this capacity by distinguishing 
between rules that underlie our production and understanding of complex forms and a 
mental lexicon (the storage system) holding the units that the rules apply to. This has 
led to the assumption of two distinct neural systems: a procedural system that applies 
rules and a lexical storage system that stores exceptions to the rules3-6. Thus, the 
regular form walked is understood as a result of a mental operation that combines the 
stem walk with the regular suffix –ed, while the irregular form went is assumed to be 
stored in the mental lexicon. However, this distinction is not generally accepted. 
Some scholars assume that rules are mere epiphenomena of similarities of forms and 
are not subserved by a distinct neural substrate7, 8.
Evidence for rule application as a separate neural process has been sought by 
measuring event-related potentials (ERPs) employing electroencephalography (EEG). 
It has been reported that incorrect forms such as goed (as opposed to correct went), in 
which the –ed rule is incorrectly applied (rule violation), are associated with an 
increased left anterior negative-going activity (LAN) when compared with correct 
forms. However, the LAN does not occur for incorrect forms such as bept (as opposed 
to correct beeped), which is simply a nonword that does not violate the –ed rule9. This 
dissociation has been found in several languages9-11 and the LAN has been interpreted 
as a cerebral response to the misapplication or violation of rules. While this double-
dissociation suggests different processing mechanisms for regular and irregular 
formations, the LAN is only an indirect evidence for a distinct neural substrate for 
rule application. This is because studies to date have focused on the processing of 
violations of rules rather than on rule application per se. The LAN might therefore 
merely reflect exceptional processes that are caused by the violation such as error 
handling and not actual rule application.
In the present study we provide first direct electroencephalographic evidence 
for the existence of a distinct neural substrate that underlies rule application by 
showing that LANs can be elicited by the processing of correct regular inflected 
words. In a pre-test we determined 50 correct regular and 50 correct irregular German 
past participles that are processed with equal efficiency and that are matched on 
characteristics such as length and frequency (see Supplementary Methods on-line). 
We presented the participles embedded in sentences plus filler sentences with 
incorrectly formed participles on a computer screen as shown in Figure 1a. 
Participants were asked to read the sentences and judge the correctness of the 
participles in 1/3 of the trials to ensure that they attended to the stimuli. We measured 
electrophysiological responses of 21 German native speakers to the participles, using 
a 128 electrode dense-array electroencephalography recording system (see 
Supplementary Methods on-line for further details).
Participants’ error rates in the judgment task were below 5%, showing close 
attention to the stimuli. Electrophysiological responses revealed distinct patterns for 
the two types of participles. As compared to irregular participles, regular participles 
elicited a LAN response peaking at around 400 ms after participle onset over the left 
frontal scalp area (Fig. 1 and Supplementary Fig. 2 online). This was confirmed by a 
two-way ANOVA (n = 21, Į = 0.05) with Regularity (regular, irregular) and ROI (left 
anterior quadrant, right anterior quadrant, left posterior quadrant, right posterior 
quadrant, see Supplementary Figure 1 on-line) as within subjects factors, which 
revealed main effects of Regularity (F1,20 = 7.6, p = 0.012 ) and ROI (F3,60 = 9.3, p < 
0.001, Greenhouse-Geisser correction applied) and a significant interaction of both 
factors (F3,60 = 5.9, p = 0.012, Greenhouse-Geisser correction applied). Follow-up 
Student’s t-tests (n = 21, Bonferroni-corrected Į = 0.0125) confirmed a significant 
mean amplitude difference only for the left anterior quadrant (regular participles: 
mean = -0.5 μV ± 1.6 (s.d.); irregular participles: mean = 1.4 μV ± 1.4 (s.d.), t20 = -
4.9, p < 0.001, two-tailed).
The LAN suggests an additional process for regular participles, which we 
propose to be a rule application process. Our results therefore indicate that rule-based 
processing of regular forms operates via a distinct neural substrate, indicated by the 
LAN. In addition, the data imply that LANs found when rule applications were 
violated can reflect the application of rules and not merely the processes related to the 
violation.
More generally, our findings support the assumption of two mechanisms for 
the processing of complex word forms: a storage system that allows full-form access 
for irregular forms and a rule application mechanism that is activated for regular 
forms. In contrast, our findings pose a challenge to theories that assume that the 
processing of regular formations is not subserved by a distinct neural substrate7, 8.
Moreover, taking the LAN as an index of rule application, we have found a direct 
reflection of neural processes that are special to humans, i.e. the creative capacity to 
produce and understand an infinite number of complex linguistic forms.
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Figure caption 
Figure 1: Example stimulus and EEG responses. a) Example sentence “Die Eltern 
sind in den Schwarzwald gefahren, um Oma zu sehen” (‘The parents traveled to the 
Black Forest to see Grandma’) presented word by word on a computer screen. The 
boldface rectangle indicates the past participle. b) Average ERPs for regular and 
irregular participles at a left frontal electrode (F7). Time zero indicates presentation 
onset of the participles. Regular participles are associated with a more negative 
(upward) waveform than irregular participles in a 300-450 ms time window, i.e. the 
LAN component (regular participles: mean amplitude at F7 = - 1.8 μV ± 2.1 (s.d.); 
irregular participles: mean amplitude at F7 = 1.2 μV ± 2.1 (s.d.)). c) Isovoltage maps 
(300-450 ms) showing an increased left-frontal negativity for regular participles. 
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